The construction of a solid state device-based pyranometer designated to broadband irradiance measurements is presented in this paper. The device is built on the physical basis that the temperature difference between two bodies of identical shape and external surface area, identically exposed to the incident radiation, but having different absorption and heat transfer coefficients (e.g. one body is painted white and the other is painted black), is proportional to the incident irradiance. This proportionality may be put in evidence if the two bodies consisting of identical arrays of correspondingly painted semiconductor diodes, due to the thermal behaviour of their p-n junction. It is theoretically predicted and experimentally confirmed that the voltage drop across a diode passed through a constant forward current linearly decreases with the temperature of the junction. In other words, a signal proportional to the irradiance of the light source may be obtained via conventional analog electronics. The calibration of the apparatus, as performed by means of a professional device (LP PYRA 03), indicates a good linearity.
The principle of the method
Consider first a solid body exposed to electromagnetic radiation ( Fig.1) emitted by a source (e.g. an electric bulb) of spectral distribution close to that of a black body when heated to a sufficiently high temperature. In these terms, the energetic balance is expressed as:
which is a first order ODE (ordinary differential equation), of solution:
with the asymptotic form (the equilibrium temperature):
Consider now a pair of identical bodies (having the same values of S and C), except for the fact that one is painted white and the other is painted black. Let: 
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Thus, the difference between the equilibrium temperatures of the two bodies will be
In other words, e T  is a direct measure of the irradiance I of the light source.
Consider now that the white and black bodies are two silicon diodes, one painted white and the other painted black. As pointed out previously, the electric behaviour of the ideal diode is well approximated by the modified Shockley equation:
which describes the dependence of the forward current density j D on the applied polarization voltage U D ; here, 
where m are the effective masses of the electrons and holes, respectively, h is the Planck's constant, and if we take into account the temperature dependences of ratios: 
Si diode 1N4148 T=298K
where n  , p  and n  , p  are the carriers mobilities and lifetimes respectively, simple calculations lead to the following expression results for the forward current:
where Const embeds all the constant quantities (including the p-n junction area 
(e.g. the value is 2345 for U D =0.4V in our case) and thus unity may be neglected in the squared Fig. 3 . The voltage-current characteristic of the silicon diode 1N4148 at room temperature brackets in the right-hand term of Eq. (9). Accordingly this may be rewritten as:
and, from here, as:
We shall note here that the energy gap E g slightly decreases with increasing temperature, following a quasilinear dependence of the form: (where the experimental points are fitted with straight lines) shows, the simplified form (16) is well confirmed experimentally in the case of the 1N4148 diode. 
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Consider then two identical arrays of N diodes connected in series and passed through by a constant forward current; in one set the diodes are painted white and in the other are painted black. If the two sets of diodes are identically exposed to the electromagnetic radiation generated by a light source of irradiance I, at thermal equilibrium (T=T e ) the difference
where
and
Combining equations (3.4), (3.18) and (3.19), one finds:
The above result leads to the physical principle of an electronic device (pyranometer) by means of which the irradiance of the Sun.
The apparatus (pyranometer)
The apparatus [2] consists of an electronic circuit ( Figure 5 ) to which two arrays of white-and black-painted silicon diodes are connected. These diodes are placed alternately in order to cover a horizontal circular area protected by a transparent shell (e.g. a glass cupole, a plastic foil, etc.), which has the main role of preventing air flow penetration. follower and the two voltage-to-current converters are made using the popular industrystandard A741, while the instrumentation amplifier is the widely used AD521. Figure 6a shows a photo of the prototype device. 
Conclusions
The black and white pyranometer proposed in this paper represents an efficient lowcost solution for measuring solar irradiance. The theoretical analysis and the laboratory calibration demonstrate that the instrument has a very good linearity.
